This mini-review summarizes the changes in the field of bacterial acquired tetracycline resistance (tet) and oxytetracycline (otr) genes identified since the last major review in 2001. Thirty-eight acquired tetracycline resistant (Tc r ) genes are known of which nine are new and include five genes coding for energy-dependent efflux proteins, two genes coding for ribosomal protection proteins, and two genes coding for tetracycline inactivating enzymes. The number of inactivating enzymes has increased from one to three, suggesting that work needs to be done to determine the role these enzymes play in bacterial resistance to tetracycline. In the same time period, 66 new genera have been identified which carry one or more of the previously described 29 Tc r genes. Included in the new genera is, for the first time, an obligate intracellular pathogen suggesting that this sheltered group of bacteria is capable of DNA exchange with non-obligate intracellular bacteria. The number of genera carrying ribosomal protection genes increased dramatically with the tet(M) gene now identified in 42 genera as compared with 24 and the tet(W) gene found in 17 new genera as compared to two genera in the last major review. New conjugative transposons, carrying different ribosomal protection tet genes, have been identified and an increase in the number of antibiotic resistance genes linked to tet genes has been found. Whether these new elements may help to spread the tet genes they carry to a wider bacterial host range is discussed.
Introduction
Tetracycline continues to be used for treatment in a variety of Gram-positive and Gram-negative, intracellular bacteria and protozoan infections, as well as for noninfectious conditions [1, 2] . Tetracycline is also an important antibiotic for prophylaxis or treatment, alone or in combination with other antibiotics, for Bacillus anthracis, Francisella tularensis and/or Yersinia pestis; all listed as potential weapons in biological terrorism [2] . Minocycline, the most recent tetracycline, was introduced into the United States in 1972, since then no new derivate has been approved for therapy. Recently, a few new compounds are in clinical or pre-clinical testing [1] . Tetracycline resistance in most bacteria is due to the acquistion of new genes, often associated with mobile elements [1, 2] . These genes are usually associated with plasmids and/or transposons and are often conjugative. In 2001 Dr. Chopra and I wrote a review on tetracycline which summarized the mode of action, usages, molecular and epidemiological knowledge of bacterial resistance to tetracycline at the time [1] . In response to the 2001 review a website was established which is updated twice a year to reflect the ongoing changes in information on acquired tetracycline resistance (tet) and oxytetracycline resistance (otr) genes, originally in antibiotic producing Streptomyces [1, 3] . The aim of this mini-review will be to focus on information available after the 2001 review was published.
There are currently 38 different tet and otr genes described and include 23 genes which code for energydependent efflux proteins, 11 genes which code for ribosomal protection proteins, and three genes which code for an inactivating enzyme and 1 gene with an unknown mechanism of resistance ( Table 1 ). Of these 38 tet genes, eight new tet genes have been identified and the mechanism of resistance determined in one otr gene since the last review (Table 1) .
A number of new genera have been identified carrying previously described tet(A), tet(B), tet(C), tet(D), tet(G), tet(H),tet(K), or tet(L) efflux genes and/or tet(M), tet(O), tet(S), tet(Q), or tet(W) ribosomal protection genes ( Table 2 ). The current information reflects the examination of tetracycline resistant (Tc r ) bacteria from a variety of ecosystems, new species and genera, as well as the continued spread of tet over time [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
New conjugative transposons, carrying different ribosomal protection tet genes, have been identified. Many are related to the Tn916-Tn1545 family of elements [14] [15] [16] [17] , others are related to the mef(A)-msr(D) elements, which code for the efflux of macrolides [16, 17] , and some are new elements [18] . There has also been an increase in the percentage of Gram-negative isolates, in some studies, which carry multiple tet genes [19] .
Identification of new tet genes

Efflux proteins
Twenty-three (60%) of all tet and otr genes code for energy-dependent membrane-associated proteins which exports tetracycline out of the cell [3] . This action reduces the intercellular concentration of tetracycline and protects the bacterial ribosomes in vivo. The efflux proteins exchange a proton for a tetracycline-cation complex against a concentration gradient. These genes are the most commonly found tet genes in Gram-negative genera [3] . The 23 genes include four of Gram-positive origin, three from Streptomyces and 16 of Gramnegative origin. The new genes are the tet(33) and tet (38) of Gram-positive origin and tet (35) and tet(39) of Gram-negative origin and the otr(C) gene from streptomyces (Table 1 ). The otr(C) gene had previously been identified [1] , but only recently sequenced (GenBank # AY509111) and determined to code for an efflux-like protein. The gene had 70% G + C content, which is similar to that of both the otr(A) and otr(B) genes and close to what is found in the Streptomyces chromosome. The tet (38) gene from Staphylococcus aureus and the tet(39) gene from Acinetobacter have only recently been assigned names. Their GenBank numbers are provided in Table 2 , but will not be available to the public until after the papers describing each gene have been published. The tet(33) gene has been identified in a single genus [20] , while the tet(35) gene has been identified in two genera of water associated bacteria [21] .
Ribosomal protection proteins
There are 11 tet genes coding for ribosomal protection proteins. In the last few years a model for the interaction of these proteins with the bacterial ribosome has been developed [22] [23] [24] . The model is based on the hypothesis that under normal conditions the ribosomes are in standard configuration and function normally. This balance is changed with the introduction of tetracycline into the system. Tetracycline binds to the ribosomes changing the ribosomeÕs conformational state Table 1 Mechanism of resistance for characterized tet and otr genes divided by time
Time
Efflux Ribosomal protection Enzymatic (3) Unknown a n = 23 n = 11 n = 3 n = 1 n = 18 n = 9 n = 1 n = 1 Listed in Ref. [1] tet
Not listed in Ref. [1] tet(33), tet (35) d , tet (38) , tet(39) otr(C) tet (32) , tet (36) tet (34) , tet (37) c a tet(U) has been sequenced but does not appear to be related to either efflux or ribosomal protection proteins. b tetB(P) is not found alone and tetA(P) and tetB(P) are counted as one operon. c tet(X) and tet(37) are unrelated but both are NADP-requiring oxidoreductases: tet(34) similar to the xanthine-guanine phosphoribosyl transferase genes of V. cholerae.
d Not related to other tet efflux genes.
which disrupts the elongation cycle and protein synthesis stops. The ribosomal protection proteins are thought to interact with the base of h34 protein, within the ribosome, causing an allosteric disruption of the primary tetracycline binding site(s) and the tetracycline molecules are released from the ribosome. The ribosome returns to its standard conformational state and protein synthesis proceeds. Whether the ribosomal proteins actively prevent tetracycline from rebinding to the ribosomes after they have been released is not known, nor is it known if once the tetracycline is released whether it can rebind to the same or a different ribosome and inhibit protein synthesis again. All of these genes, except the tet(W) gene and the Streptomyces genes, have G + C% contents compatible with a Gram-positive origin (<50% G + C). Most of these genes have been found in both Gram-positive and Gram-negative genera [3] . The two new ribosomal protection genes have been identified in anaerobes and include the tet(32) gene from a Gram-positive Clostridium sp. and the tet(36) gene from a Gram-negative Bacteroides sp. [25, 26] . The tet(36) gene had no significant identity (6%) to other DNA sequences in GenBank, but the deduced protein shared 60% amino acid identity with the Tet Q protein [26] . The tet(36) gene is flanked by direct repeats but was not conjugative in the original Bacteroides sp. isolated from swine manure pits. Four additional isolates, from the same swine manure pit, have been found to also carry the tet(36) gene, though it was not found in 311 human clinical and intestinal Bacteroides isolates examined [26] No other work has been published on this gene.
The tet(32) gene has been identified in a Clostridiumlike strain and recently it has been suggested that this gene was created during a cross-over event between an ancestral tet(32)-like gene and a tet(O) gene. The reason for this suggestion is that base pair 0 to 243 showed 100% homology with the same region in the tet(O) genes. In addition a 158 bp non-coding region upstream of the structural gene showed 98% sequence homology with the upstream regions of the tet(O) genes from S. mutans and Campylobacter jejuni, GenBank # M20925 and M18896, respectively (Fig. 1) . The sequences at the end of the gene, from nucleotide 1262 to 1782, showed a 98.8% sequence homology with the tet(O) gene. However, the sequences between bp 244 and 1263 share <70% similarity with other tet genes, and overall homology of the gene was <80% to the tet(O) or any other tet gene and was given a new designation [25] . Whether this gene recombined in the Clostridiumlike isolates is not known nor is it clear whether this gene is commonly found in bacterial populations.
A similar situation has been found for the anaerobe Megasphaera elsdenii cultured from swine feces [9] . Three different genes have been sequenced from this species and their amino acids share 95.8%, 89% and 91.9% identity with the Tet W protein from Butyrivibrio fibrisolvens (AJ222769) yet they had between 13%-43% of their sequences, at the ends of the gene, were related to tet(O) genes. However, all these genes have %G + C contents of 50-55%, similar to that of other tet(W) genes, while all other bacterial tet ribosomal protection genes have%G + C contents ranging from 32% to 40%. More recently, isolates from this same environment had their tet genes sequenced but no other bacteria were found with this type of mosaic gene structure and some M. elsdenii carried a non-mosaic tet(O) gene [27] . In contrast, most tet(W) genes [AY04998, Arcanobacterium pyogens; AJ222769, B. fibrisolvens; AJ427422 and AY603069 both from Mitsuokella multiacidus (Bacteroides multiacidus)] and tet(O) genes [M18896, C. jejuni; M20925, S. mutans; Y07780, S. pneumoniae; AJ175499, S. pyogenes, and M. elsdenii AY485123] do not show a mosaic composition. Thus, mosaic tet genes may have a narrow host range, or may be created in the M. elsdenii isolates. The tet(W) gene has now been identified in 19 different genera and sequencing more of these genes may determine whether a mosaic structure is limited to M. elsdenii [AY196917 (54.9%), AY196918 (54.6%), AY196919 (55.2%)], or whether mosaic genes are found in other bacterial species and genera.
Enzymatic inactivation
The tet(X) gene encodes for an NADPH-requiring oxidoreductase, which inactivates tetracycline in the presence of oxygen and NADPH, but has only been found in a strict anaerobe, Bacteroides, where oxygen is excluded [1] . The tet(X) gene has a % G + C content of 37.4% suggesting that it is of Gram-positive ancestry and is active in aerobic E. coli [28] . It was hypothesized that this gene had little clinical relevance it since did not function in the original isolate. Thus no work has been done to determine if this gene is in aerobic genera or identify a potential source of this gene. However, there has now been the gene tet (37) , with a% G + C content of 37.9%, coding for a second NADPH-requiring oxidoreductase [28] . The tet(37) gene was cloned from the oral metagenome and no specific bacteria was identified carrying the gene. A third gene, tet (34) , codes for an enzyme which inactivates tetracycline but is similar to the xanthine-guanine phosphoribosyl transferase from Vibrio cholerae and not a NADPH-requiring oxidoreductase [29] .
Recent identification of tet genes in new genera
Efflux genes
Of the 18 previously characterized efflux genes, nine have been identified in new genera (Table 2 ) [4, 8] . One of the largest increases in the number of genera, identified in the last few years, was for the tet(L) gene which went from 10 to 15 genera. Of the five new genera listed in Table 2 , four are Gram-negative genera which brings to five the number Gram-negative genera carrying the tet(L) gene, as compared to one Gram-negative genera for the tet(K) gene. This data suggesting that at least the tet(L) gene should be used when ever Gram-negative bacteria are screened for specific tet genes. The other tet gene which had the same number of new genera added was the tet(B) gene, which went from 20 genera to 25 genera. This is not surprising given that the tet(B) gene is the most commonly carried Gram-negative efflux gene identified in Gram-negative bacteria (Table 2) .
Perhaps the most interesting new finding, in the efflux tet genes, is the presence of the tet(C) gene in the obligate intracellular bacteria Chlamydia suis [30] . The C. suis is found in the intestinal tract of pigs, and Tc r strains came from farms which had used tetracycline as growth promoters. These Tc r strains included a truncated repressor gene, tetR(C), and sequences upstream and downstream of the tet(C) gene demonstrate a high degree of identity with a pRAS3.2 plasmid from Aeromonas salmonicida [12] . This is the first report of a known acquired tet gene in Chlamydia or other obligate intracellular bacteria with stable tetracycline resistance. This differs from previous publications where isolates from chlamydial infections that did not respond to tetracycline or doxycycline therapy were examined. These later isolates were not stably Tc r but were called ''heterotypic resistance'' [31, 32] . The heterotypic resistance was correlated with the use of a large inoculum (>5 · 10 3 inclusion-forming units/well) for susceptibility testing and were not observed when lower inoculum was used. Lefevre et al. [33] described a C. trachomatis strain with A MIC of >64 lg/ml but <1% of the population showed this resistance. Unfortunately, this isolate has not been further examined and it is unclear whether the apparent resistance is also due to growth conditions or a permanent change, such as a mutation. In contrast the Tc r C. suis were resistant when a low inoculum of 1 · 10 2 inclusion-forming units/well was used for susceptibility testing [4] and carried a tet(C) gene.
Most acquired tet genes are moved between unrelated species and genera by conjugation [1] . Therefore, it was originally hypothesized that Chlamydia was unlikely to participate in gene exchange by conjugation because of the requirement for actively growing donor and recipient bacteria. Most classical bacteria live outside cells, while Chlamydia exist as physiologically inert particles outside cells which do not survive for long time periods [34] . Therefore, the only way an obligate intracellular bacterium, like Chlamydia, could have acquired the tet(C) gene is to assume that a second bacteria carrying the tet(C) gene co-infected the same cell(s) as did the C. suis. A. salmonicida has an optimal growth temperature below 20°C and is found in salmon and trout populations and is unlikely to be found on a pig farm [30] . Since the C. suis and A. salmonicida occupy very different ecosystems and have different optimal growth temperatures it is unlikely that the A. salmonicida was directly involved in the genetic transfer to the C. suis [30] . Dugan et al. [30] suggest that the tet(C) gene and surrounding sequences may be on a moblizable element which was transferred from A. salmonicida into an organism which is able to exist within the pig intestinal tract and was the donor of the DNA into the C. suis within the pig. What ever the route from A. salmonicida to C. suis these Tc r C. suis represents the first example of horizontal acquisition of an antibiotic resistance gene by an obligate intracellular bacteria [30] . It is interesting that the C. suis acquired a tet(C) gene, which is much less prevalent than the tet(B) gene, which has the largest host range among this group of genes [1, 3] (Table 2) . A better understanding of how the C. suis acquired the tet(C) gene would be helpful in predicting whether other obligate intracellular bacteria are likely to acquire tet genes or other antibiotic resistance genes by conjugation and in our understanding of how these genes are spread in bacterial communities.
Ribosomal protection genes
Forty-two new genera were identified carrying previously characterized ribosomal protection tet genes and included both Gram-positive and Gram-negative genera (Table 2) [1, 3] . The host range for the tet(M) gene increased from 24 to 42 genera and this gene continues to have the widest host range of any tet gene ( Table  2 ). The reason for this wide host range may in part be due to its association with conjugative transposons which also have a very wide host range [1] . These elements encode putative antirestriction functions and possess few restriction enzyme cleavage sites [35] . The host range of the tet(W) gene went from 2 to 19 genera and now include Gram-positive, Gram-negative, aerobic and anaerobic bacteria. The tet(W) gene now has the second largest host range among the ribosomal protection tet genes, and the third largest host range among all tet and otr genes ( Table 2 ). The increase in host range is most likely due to the increase screening of this gene in a variety of studies [5, 6, 9, 18, 27] . The tet(W) gene is also associated with conjugative transposons [6, 9, 18 ]. In contrast, the tetB(P), tet(Q), and tet(T) genes have not had their potential host ranges examined, while the tet(32) and tet(36) genes have just been described and have not been used in other studies. However, in the original paper the authors identified an independent Bacteroides sp., Clostridium sp., Lactobacillus sp. and a Gram-negative proteobacterium carrying the tet(36) gene [26] . The tet(S) gene is now found in six genera including the anaerobic Gram-negative Veillonella sp. (Table 2 ). Thetet(O) gene is currently found in 11 genera including four Gram-negative and seven Gram-positive genera. The host range of the tet(O) and the tet(S) may be because neither of these genes were originally associated with conjugative transposons which normally have a less restricted host range than do conjugative plasmids. However, recently a tet(S) gene was identified in a Tn916 element where the tet(S) had replaced the tet(M) gene [14] . This is on a functional conjugative transposon and may allow for spread of these genes in the future. Similarly, the tet(O) gene has been found on plasmids and transfer between Campylobacter jejuni isolates has been documented [36] . However, when not associated with a plasmid the tet(O) gene was not associated with a conjugative element [37] . This changed with the recent characterization of functional conjugative transposons that carry a tet(O) gene linked to an efflux mef(A) gene [16, 17] . These transposons are able to be transferred by conjugation to different Streptococcus pyogenes strains, and unrelated Enterococcus faecalis [16, 17] . This new conjugative element may allow wider dissemination of this particular gene in the future.
Enzymatic genes and the tet(U) gene
The number of inactivating enzymes went from one gene in 2001 to three genes in 2004 (Table 2) . Unfortunately, we are not any closer to knowing anything about the ancestral source of the two NADPH-requiring oxidoreductases [28] , and limited work has been done to look at the host range of the tet(34) gene [29] .
The tet(U) gene confers low level tetracycline resistance [1] . This gene produces a small protein (105 amino acids) which has 21% similarity over its length to the Tet M, but do not include the consensus GTP-binding sequences, which are thought to be very important for tetracycline resistance in these proteins. Recently, the tet(U) gene in a vancomycin and tetracycline resistant Staphylococcus aureus was identified. From the same patient enterococci carrying both the tet(U) and tet(L) genes were identified [38] . The S. aureus did not carry a tet(K), tet(L), tet(M) or tet(O) gene. This suggests that the tet(U) gene should be included when screening Tc r bacteria in the future.
Distribution of the tet genes in Gram-negative bacteria
Previously, Gram-positive and Streptomyces isolates have been characterized which carry multiple tet genes coding for the same or different mechanism of resistance, while in most previous studies <10% of the Gram-negative isolates carried multiple tet genes [1, 8, 39] . This may be changing. One recent study of E. coli O157:H7 isolates found four (33%) of the 12 human Tc r isolates, with known tet genes, carried two different tet genes [19] . Bryan et al. [40] found that >30% of the E. coli isolated from pigs, turkeys and horses carried 2-3 different tet genes, while none of the E. coli from deer, ducks, rats, cows or goats carried more than a single tet gene. About 20% of the chicken E. coli carried multiple tet genes while >10% of the sheep and human isolates carried multiple tet genes. Of the 52 Tc r Salmonella enterica subsp. Enterica serovar Typhimurium, taken from animals, food and humans in Italy, seven (71%) carried multiple different tet genes [41] . These studies suggest that multiple tet genes can represent >10% of the Tc r Gram-negative population in some ecosystems and this should be considered whenever characterization of tet genes are determined.
New linkages and/or mobile elements
The tet genes are often associated with plasmids, transposons and conjugative transposons which may carry other antibiotic resistance and/or heavy metal resistance genes [1] . Many of these elements code for their own transfer and I have hypothesized that the type of element specific tet genes are associated with may greatly influence their ability to spread to new genera [1] . Integrons have been identified in Gram-negative genera and Staphylococcus sp. but tet genes have not yet been found within integrons, which function as a general gene-capture system, and allow multiple antibiotic resistance genes to be linked [42] .
The Tn916-Tn1545 transposons family is the most promiscuous of the conjugative transposons described, with a large host range that includes Gram-positive and Gram-negative genera [1, 3] . These transposons are able to form composite chromosomal elements which are formed by the integration of one transposon within another transposon. This allows for the complete element to be transferred, or just the inserted element. In the last few years, new transposons within the Tn916-Tn1545 transposons family have been identified [14, 15] and include a Tn916 element that has had the tet(M) structural gene replaced by the highly related tet(S). The Tn916S transposon was found in an oral Streptococcus intermedius and was conjugative under laboratory conditions [14] . This represents the first description of a tet(S) gene on a conjugative transposon, since all previous isolates carrying the tet(S) gene carried them on plasmids or in the chromosome as non-conjugative genes [14] . Theoretically, the Tn916S element could have a host range similar to that of Tn916 (42 genera) as compared to the tet(S) gene (5 genera) ( Table 2) .
Other transposons related to the Tn916-Tn1545 family include Tn2009 (GenBank # AF376746) (Fig. 1) , and Tn2010, which is like Tn2009 but has a macrolide rRNA methylase, coded by the erm(B) gene, inserted downstream in the same location as found in Tn1545 [43] . These elements link the macrolide resistance efflux genes, mef(A) and msr(D), upstream of the tet(M) gene (Fig. 1) [16, 17] . It is not clear if these transposons were created in response to the increased carriage of the mef(A) and msr(D) genes, in Streptococcus sp., or if these elements were created in other species and transferred into Streptococcus.
The tet(O) gene has usually been associated with conjugative plasmids in Campylobacter sp. [36] . The tet(O) gene was hot plasmid mediated in Enterococcus and Streptococcus sp. [37] . Recently, we found a tet(O) gene integrated into a transposon carrying the macrolide resistance efflux genes mef(A) and msr(D), the same genes found in Tn2009 described above [16, 17] . The mef(A), msr(D), and tet(O) genes could be conjugally transferred into S. pyogenes and Enterococcus faecalis recipients [16] . An 11,945 bp region of this element including all three antibiotic resistance genes has been sequenced (GenBank # AJ7415499) (Fig. 2) [17] . The tet(O) gene shared >99% sequence homology with the tet(O) genes from S. pneumoniae (GenBank # Y07780) and S. mutans (GenBank # M20905) and directly upstream of the structural tet(O) gene, between base pair 4-342, the DNA was 99% identical to the upstream sequence of the tet(O) structural gene from Campylobacter jejuni (GenBank # M74450) (Fig. 1) . Whether the tet(O)-mef element was created in S. pyogenes, or other bacteria is not clear.
Transposon TnB1230 from Butyrivibrio fibrisolvens, carries a tet(W) gene flanked by direct repeat sequences which have high homology to oxygen-insensitive nitroreductases. The complete transposon has been partially characterized [18] . Downstream of the tet(W) gene are four orfs which share 48-50% identity with transfer proteins from Tn1549 an enterococcal transposon which carries the vanB gene coding for vancomycin resistance. The authors found that 350 bp directly upstream from the tet(W) gene were highly conserved in six different anaerobic species, but showed only 64% identity with sequences from the tet(W) carrying Arcanobacterium pyogenes. The transposons, from the A. pyogenes are distinct from those found in the anaerobes [6] . In the last four years, 17 new genera have been identified carrying the tet(W) gene and many are associated with conjugative elements, but it is not clear if all of these tet(W) genes are associated with the same type of elements.
Future
The changes in the field over the last few years, seems to be increasing more quickly then previously described (Tables 1 and 2 ). Whether this represents a true increase, or whether the increase is due to screening of Tc r bacteria from more diverse ecosystems, from a larger number of geographic locations, and/or a more diverse group of bacteria is not clear. In addition, it is more common now to screen for the various ribosomal protection genes in Tc r Gram-negative isolates which is illustrated in the diversity of genera now shown to carry the tet(M) or tet(W) genes (Table 2) . Distribution of different tet genes, even with the same mechanism of resistance, varies widely (Table 2) . In some cases, this may be because genes have only recently been identified, while in other cases it is because little work has been done with those particular tet genes. Previously, I had hypothesized that host range of specific tet genes could be influenced by their association with specific types of mobile elements, with those on wide host range conjugative transposons more likely to be found in a larger number of diverse bacteria than tet genes on non-conjugative elements or plasmids with a narrow host range [44] . A good is example is the tet(S) gene, currently found in 11 genera. Now that the tet(S) has been integrated into a Tn916-like element it may have the opportunity to spread more rapidly. Similarly, the recent discovery of the tet(O)-mef(A) element has allowed us to easily transfer the tet(O) gene to other unrelated recipients, allowing for a wider distribution of the tet(O) gene [16] .
Another question is the role, if any, of mosaic tet genes in the bacterial population. One possibility is that this may be unique feature found in a small group of anaerobes. This is supported by finding of the tet(O) or tet(W) genes in other bacteria from the same environments as the mosaic genes and finding a non-mosaic tet(O) gene in M. elsdenii [45] . Clearly more tet(W) and tet(O) genes need to be fully sequenced to answer this question. The ancestral source of the tet(32) gene which also appears to have a mosaic structure is also of interest. The hybrid tet genes would not be detected if a PCR, which cover small regions of the gene, and/ or an individual probe was used for genotyping tet genes.
The identification of two new tet genes coding for inactivating suggests that more work is needed to identify the ancestral origin(s) of these genes, their distribution in bacterial populations and what role these enzymes might play in tetracycline resistance in bacterial populations. It is also of interest in identifying the actual donor of the tet(C) gene to the C. suis and the steps leading to integration of this gene into the chromosome of an obligate intracellular bacteria. We also need to question whether the Tc r C. suis is an indicator that other obligate intracellular bacteria may acquire tet or other common acquired antibiotic resistance genes in the future.
A new generation of tetracyclines, the glycylcyclines (tigecycline) have been developed to over come bacterial resistance due to tet genes coding for efflux proteins or ribosomal protection proteins [46, 47] . Tigecycline is administered by injection and no oral formulation is available [46, 47] . No tigecycline resistant bacteria have been identified in nature, however it is possible that bacteria carrying acquired tet genes may have their tet genes mutated and become more resistant to this antibiotic. However, until tigecycline is approved for clinical use and is used for therapy, it is unclear how this antibiotic will impact bacterial acquisition and spread of acquired tet genes. It is unlikely that overall use of tetracyclines will change in the near future, especially in North America where tetracyclines are still used as growth promoters. Thus the trends discussed in this review will most likely show continued increases in the number of genera Tc r and the percent of bacterial populations no longer susceptible to tetracyclines.
